admitted to intensive care unit (ICV), and responded to cooling measures only. Creatine kinase was measured at 59,160 IV (normal 20-215 IV), two days postoperatively. He had had no other previous general anaesthetic. In 1989 he received a regional block for suturing of fingers following a crush injury. During this procedure he developed tachycardia, hypertension and anxiety which was felt to be out of proportion to the stimulus received.
The patient is a member of a large family susceptible to MH. His mother died suddenly at the end of an anaesthetic for appendicectomy at the age of twenty in 1973 (agents used included two 30 mg doses of suxamethonium and halothane), and a first cousin survived a fulminant episode of MH in 1987.
Anaesthesia
He was premedicated with midazolam 15 mg and metoclopramide 10 mg. Monitoring was established using an electrocardiogram, pulse oximetry, rectal temperature probe, radial arterial line and end-tidal C02 (ETC02)' Hourly urine outputs were recorded. Anaesthesia was induced at I 700 hours with thiopentone 400 mg and fentanyl 500 mcg and was maintained with 66% N 2 0 and incremental doses of fentanyl (2 mg total). The gases were administered through a vapour-free circle system reserved for MH patients. Muscle relaxation was provided with vecuronium 10 mg. The ventilator was set at 800 ml tidal volume and 8 breaths per minute (bpm) to maintain ETC0 2 at 36 mmHg. This was checked intermittently with blood gas measurements.
A muscle biopsy was taken at the start of the operation. This demonstrated a strongly positive contracture to both halothane and caffeine. (2.4 g tension to 2% halothane and 2.0 g tension to 2 mmol caffeine, N < 0.2 g). These results were available before the completion of surgery.
Observations remained stable until half an hour before the end of procedure which took much longer than expected (2100 hrs day I). ETC0 2 had risen from 36 mmHg to 44 mmHg. Temperature had increased from 37" C to 37.4° C. Blood gas analysis showed a change in pH from 7.36 to 7.25 and base excess from -3.5 to -8.2 mEq/l. Pulse rate (PR) was 80/min.
Course in intensive care unit
He was transferred to the ICV where 30 minutes later (2200 hrs) his observations were temperature 37.2° C, PR 120/min, blood pressure (BP) 180/80, and ETC0 2 44 mmHg despite an increase in minute volume to 12 litres. There was very prominent skin mottling and arterial blood gases showed pH 7.29, P0 2 149 mmHg, PC02 41.6 mmHg, BE -6.6. Sedation and pain relief were provided by a morphine infusion.
By 2400 hrs there had been a further deterioration. Temperature had risen to 38.4° C. PR was recorded at 115/min, BP 180/80, ETC02 increased to 52 mmHg in spite of an increase in ventilation (1100 ml X 13 bpm), pH 7.29, BE -6.8 Sa02 had fallen to 94% (Fj02 0.25) Dantrolene was administered intravenously (IV), 300 mg given over a fifteen-minute period resulting in a fall of ETC02 to 33 mmHg and PR to 95/min. At 0100 hrs (day 2) the patient woke with shivering and breathlessness, and temperature rose rapidly to 40.0° C, pulse rate increased to 150/min and ETC0 2 was recorded at 54 mmHg. Further dantrolene was administered. He was paralysed with vecuronium 10 mg and sedated with midazolam 20 mg, and cooling measures instituted -peritoneal and bladder lavage with cold intravenous fluids in addition to surface and intravenous cooling.
Over the next few hours the patient's condition fluctuated: an increase in ET CO 2 required adjustment of ventilation and dantrolene administration (with good effect). This pattern was repeated every one to two hours. The temperature peaked at 39.2° C and returned to normal slowly, falling with dantrolene administration. Heart rate varied between 100-130/min, and there was a persisent mild metabolic acidosis (BE -4.7 to -2.3). He was peripherally vasoconstricted and the skin appeared mottled. He became Anaesthesia and Intensive Care. Vol. 20. No. 4. November. 1992 hypertensive requmng the administration of hydrallazine. Muscle fasciculations were noted. Eight hours postoperatively, a further increase in ETC0 2 required further dantrolene but by twelve hours postoperatively the reaction appeared to be settling. A total of 1100 mg dantrolene was used IV during the first twelve postoperative hours.
Temperature, pulse, blood pressure and gas analysis at this time (0900 hrs day 2) were within normal limits. He was continued on a dantrolene infusion of 50 mglhour but this was soon stopped because of low stocks of drug. Oral dantrolene was commenced (1400 hrs day 2) at I mglkg/4 hrs and continued for three days. Cooling was also discontinued after about twelve hours on the advice of MH Hotline-Toronto. Sympathetic stimulation by the cold intravenous fluids may have been exacerbating the reaction and it was suggested that cooling cease although the lowest temperature recorded was 36.5" C. One further dose of 100 mg of dantrolene IV was given 36 hours postoperatively for increasing temperature (38.8° C), tachycardia 140/min, and metabolic acidosis (BE -8.1) although ETC02 measurements were within normal limits. A total of 1500 mg (17 mglkg) of intravenous dantrolene was used.
Cardiovascular and temperature instability persisted for the next two days. Episodes of hypertension (systolic BP > 170 mm) required bolus doses ofhydrallazine or sublingual nifedipine to control. Recurring temperature rises to 38.8° C persisted for four days and then appeared to settle once the vecuronium infusion was discontinued. There was no evidence of infection. Cefuroxime which had been commenced intra-operatively was continued postoperatively.
There were no significant arrhythmias, no evidence of a coagulopathy and serum potassium remained within normal limits. Creatine kinase reached a peak of 16,480 IV on the third postoperative day, serum myoglobin remained positive for at least three days, and generalised body oedema was evident. DISCUSSION Pyrexia, metabolic acidosis, elevated ETC0 2 and a significant postoperative increase in serum myoglobin and creatine kinase are evidence of an MH reaction in this patient. Evidence of excessive CO 2 production and metabolic acidosis has been given in the case report. The creatine kinase (CK) reached a peak of 16,480 IV on the third postoperative day and returned to resting levels of 660 IV by day seven. Surgical trauma involved only small incisions in the thigh and ankle and an aboveknee tourniquet was applied for only an hour. Manipulation of the fracture may have caused some muscle injury but this is unlikely to have resulted in the reported extent of CK rise, and peak blood levels of CK normally develop within 24 hours oftrauma. 6 ,7 Non-traumatic causes of raised CK include myocardial infarction, drug toxicity, immobilisation and ischaemia. 8 Intense peripheral vasoconstriction resulted from intravenous cooling with ice-cold fluids, but peripheral pulses were recordable and muscle ischaemia seems unlikely. There was no evidence of myocardial infarction.
Temperature instability persisted for four days. Recurring temperature rises after an MH reaction in spite of dantrolene therapy has been previously described. 9 Dantrolene blood levels were not measured, and with the persistent gastro-intestinal side-effects during oral administration, particularly nausea and vomiting, therapeutic levels may not have been achieved. This may also have contributed to the relapsing course.
Three episodes in the literature have implicated nitrous oxide as a triggering agent, ID but it has been used so extensively in other susceptible cases that it is regarded as a 'safe' agent. Gronert was also unable to trigger MH with hyperbaric nitrous oxide in known susceptible swine. I I Neither fentanyl nor vecuronium, the other drugs used in this patient, has been implicated. 12 Stress as a factor potentiating anaesthetic agents has been implicated in numerous reports. 2 ,4,10,13 Stress would also help to explain why some reactions recrudesce in the recovery room or intensive care unit l3 but the possibility that MH reactions can be triggered by stress alone has not been generally accepted. 14 ,15 Documentation of awake triggering in man is scant I3 . 16 ,17-20 and not always convincing, although it is well established in animals. 16 Episodes of MH related to emotional strain,16 exercise, heat and trauma 17 have all been reported. Denborough describes the association between MH and exercise-induced heat stroke l8 and others regard prolonged strenuous activity as a trigger to MH. 21, 22 Recently abnormalities in the muscle of stressed MHS (susceptible) subjects have been demonstrated, 23, 24 One previous MH episode, the unusual reaction during a local anaesthetic procedure, and a very strong family history of MH meant that this patient was at great risk of having another MH reaction. Preoperative anxiety because of his knowledge of this, and the unexpected prolonged surgery and anaesthesia, would have increased his stress and made a reaction more likely. Continued postoperative stress from pain, ICU monitoring and endotracheal intubation may have helped to prolong a reaction already initiated.
Opinion is divided regarding preanaesthetic prophylaxis with dantrolene. 25 ,26 Watson 26 regards prophylaxis as essential and intravenous and oral dosage regimes have been recommended, 27, 28 However, in a series of thirty MHS patients undergoing moderate surgical procedures 25 there were no reactions, and in a larger series by Cunliffe 29 the incidence of reactions in patients not receiving prophylactic dantrolene for minor surgical procedures was very small, with the recommendation that the use of dantrolene should be restricted to MH episodes. Breakthrough reactions may occur despite prophylaxis 3o and dantrolene may be associated with significant sideeffects, particularly muscle weakness, gastrointestinal effects and cardiac conduction disturbances. 25 ,31 There are no studies demonstrating a beneficial effect of prophylactic dantrolene. In this patient it was decided not to give preoperative dantrolene because of the expected shortness of the procedure and to enable in vitro testing of a muscle biopsy. However in patients undergoing planned prolonged procedures under general anaesthesia, we would normally administer prophylacic dantrolene immediately preoperatively.
In summary we have presented an unusual patient in whom physiological and psychological stresses alone appear to have triggered an MH reaction. This patient provides further evidence to support other case reports that stress can initiate malignant hyperthermia. The recently described muscle abnormalities in stressed MHS subjects ll provides possible physiological evidence for this phenomenon. Continued monitoring and close observation is required intraoperatively and postoperatively in MHS patients, even though triggering agents have not been administered.
